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ULTRASOUND IMAGING is a well-known diagnostic technique. High-definition and increasingly smaller devices have enabled the birth of the so-called "bedside ultrasound," which means moving the ultrasound machine to patients' beds instead of moving the patients themselves, especially if they are critical and clinicians need information within minutes.
In educational terms, ultrasound is likewise becoming increasingly pivotal. It has become part of the routine in the clinical teaching curriculum (e.g.: internal medicine, cardiology, obstetrics and gynecology) for years, but, for the most part, lectures are limited to slides or videos on which the professor makes comments. Only a limited number of medical schools offer practical ultrasound laboratories and demonstrations in the form of an integrated ultrasound curriculum (1, 2, 7, 9, 10, 12) .
Less diffused, but fast growing, is the integration of ultrasound in the preclinical subjects setting, where this technique is shown to meet the professors' teaching needs, especially in anatomy (4, 11, 12, 16 -19) , and it is well appreciated by students. Also in physiology, some experiences are described concerning the heart (3, 5, 8) or the cardiovascular system and reflexes (15) .
In the field of respiratory system physiology, as we suggested in a previous and first experience (14) , ultrasound can allow the professor to show in vivo macroscopic dynamic changes of the respiratory apparatus, with the possibility of integrating in real time the lecture and answering students' questions, not only with words, but also by showing what is happening inside the human body.
The present study aimed to evaluate the medical student's perception of integrating ultrasound technique into traditional teaching about respiratory physiology and to assess short-term concept retention after the ultrasound integrated lecture (UIL).
MATERIALS AND METHODS
In September 2015, before the lecture, 20 questions about respiratory system physiology were written by a physiology department faculty member and reviewed by two other members, all blinded to the contents of the lecture. Each answer had four possible choices and only one predefined correct answer, and all were pertinent to physiology's syllabus and specific learning objectives.
In November 2015, third-year medical students of the University of Padova (Italy) attended an ultrasound-based didactic lecture, as part of their normal human physiology course, at the end of the respiratory physiology module. None of the students had previously been exposed to ultrasound didactic sessions, as this technique is traditionally presented after the students have completed their preclinical studies, during their fourth academic year. All students had previously passed the Human Anatomy exam, taken during the second academic year.
The attendance of students was recorded as a routine university procedure: in fact, to gain access to the final exam, students must attend at least the 80% of the lectures, so they are allowed to be absent randomly from 20% of the syllabus' lectures. Furthermore, the exact date of the lecture was not told to the students. In these two ways, a potential selection bias was avoided of students more engaged in the educational process.
The lecture was delivered by an expert sonographer physician (M.P.), supported by the professor (A.R.) of Human Physiology, who stimulated interaction with students and questions from them as in a standard lecture. It lasted almost 45 min and was divided into three parts, covering almost all of the learning objectives of the respiratory physiology module. The instructional strategy and in-class activities were similar for both the UIL and a normal lecture, with the exception of including in vivo ultrasound activities and showing ultrasound videos and images during the UIL.
The first part, which lasted~15 min, consisted of an introduction to specialized terms, such as hyperechoic, hypoechoic, anechoic, acoustic bioimpedance, acoustic interface, and probe spatial orientation. Details concerning image formation and technical aspects of ultrasound physics were not discussed because these are covered during the radiology course. After these introductory comments, some key features of ultrasound were discussed: its capacity to show, dynamically and in vivo, anatomy, physiology, and pathology of patients; and advantages and disadvantages of ultrasound with respect to other imaging modalities, in particular, with a standard chest radiograph. The students were provided with this basic information to follow the rest of the session.
In the second part, which lasted~20 min, a male student volunteer underwent real-time ultrasound scanning that was performed and explained by the sonographer using a portable Xario 100 ultrasound device (Toshiba Medical System, Shimoishigami, Japan) with a convex (3.5 MHz), a linear (10 MHz), and a sector probe (2.5 MHz). The sonographic images, covering four anatomic sectors, were projected onto a large lecture screen, easily seen by all of the students attending the session. The sonographer was assisted by the professor of physiology who provided commentary and reiterated physiology concepts previously covered during his lectures.
First, the students were shown movements of the visceral and parietal pleura during the respiratory cycle (pleural sliding), with the linear probe in lengthwise and in crosswise projection on the anterior chest wall.
Second, the diaphragm was visualized in long-axis and oblique views with the linear probe on the lateral chest wall, and its excursion was shown during normal breathing (curtain sign) and after maximal inspiration and maximal expiration.
Third, the intra-abdominal portion of the inferior vena cava was displayed with the sector probe in long axis along the epigastric region. Its diameter reduction during normal and maximal inspiration, and the absence of diameter reduction during a Valsalva maneuver, were displayed in B-mode, Doppler, and color Doppler mode.
Similar scans were provided regarding the internal jugular vein and its diameter variations with the respiratory cycle, with the use of a linear probe in the lateral neck region.
In the third and last part, which lasted~10 min, short videos about main pathologies detectable with chest ultrasound were projected with commentaries referring to physiology abnormalities and alterations. In particular, the students were shown ultrasound reports of cardiogenic pulmonary edema and acute respiratory distress syndrome (B-line artifacts), pneumonia (pleural abnormality and irregularity), and pneumothorax (no pleural sliding).
At the end of the demonstration, the students were asked to complete an optional and anonymous questionnaire evaluating the lecture. The questionnaire was composed of 2 open questions and 10 items, 7 positive and 3 negative, that were to be rated using a 5-point Likert scale (1 ϭ totally disagree; 2 ϭ disagree; 3 ϭ uncertain; 4 ϭ agree; 5 ϭ totally agree). See Tables 1-3 . The internal consistency of the questionnaire was measured by Cronbach's ␣.
Data were coded on a master sheet using a Microsoft Office Excel spreadsheet (version 2003, Microsoft, Redmond, WA), used also for basic calculations. Data entry was double-checked by a second investigator.
Four months after the lecture, at the end of a normal physiology exam session, 4 multiple-choice questions were randomly selected among the initial group of 20 and administered to the students attending that session, to be completed in 15 min. The students' identity was tracked. Questions are listed in Fig. 1 legend.
After this session, we divided the examination questionnaires on the basis of the attendance to the UIL: students who attended the lecture acted as the "exposed cohort," and those who did not acted as the "nonexposed cohort." Selection bias was avoided.
Differences between the two cohorts' responses on the four experimental questions were compared using a one-way, between-subjects Mann-Whitney U-test. The examination questionnaire was considered "passed" with at least three correct answers out of four.
Statistical software Prism 6 (GraphPad Software, La Jolla, CA) was used to analyze the results. The students were informed about the lecture beforehand and about the optional examination, and verbal consent was obtained. The study was approved by the local ethics committee.
RESULTS
One hundred and thirty-four students attended the lecture. All of them answered the questionnaire. Double-checked data were 100% concordant.
The means of the positive items were between 4.10 (item 2: ultrasound was useful for the better understanding of anatomy than a usual lecture) and 4.61 (item 6: tendency to recommend the ultrasound integrated lecture to a colleague). In particular, this last item was rated 4 and 5 by the students, resulting in the lowest standard deviation (0.49). However, the means of the remaining five positive items were all Ͼ4 (Table 1) .
About the percentage of agreement among students, they all expressed an opinion of "agree" or "totally agree" with item 6 (100%). More than three-fourths of all participants (87.31%) expressed a good opinion about item 2. The percentage of students agreeing or totally agreeing with the remaining positive items were all Ͼ90% (Table 1) .
In reference to the three negative items, the first (item 1: ultrasound visual interpretation was difficult) obtained the highest mean and SD (2.51 and 0.96, respectively) and the lowest percentage (57.46%) of students voting "disagree" or "totally disagree." The two remaining items' results were quite concordant, with means tending to 1.3 and a disagreeing percentage Ͼ98% or a little more ( Table 2) . Items were rated using a 5-point Likert scale (1 ϭ totally disagree; 2 ϭ disagree; 3 ϭ uncertain; 4 ϭ agree; 5 ϭ totally agree). Values are minimum and maximum scores, mean and SD, and percentage of students who "agree" and "totally agree."
Cronbach's ␣ resulted in a value of 0.74 (good internal consistency).
Regarding the first open question, "What did you like most about using the ultrasound in the lecture?", students enjoyed the in vivo displaying capacity of physiology and appreciated anatomic relations, the potentiality of ultrasound technique, and technical aspects of the ultrasound machine (Table 3) .
Regarding the second open question, "How could ultrasound be helpful in your future medical school education?",~53% of students answered with key words relating to the diagnostic potential in future clinical subjects, and~16% referred to practical applications of the studied subjects; some of them cited a possible use in a particular specialty (Table 3) .
One hundred and twenty-five students underwent the final exam: 57 of them had previously attended the UIL, and 68 had not.
Exposed students attained a mean of 3.89 correct responses (SD 0.40; minimum 0; maximum 4), and nonexposed students had a mean of 3.41 correct responses (SD 0.67; minimum 0; maximum 4). If compared, exposed students globally achieved significantly better results than nonexposed students (U 1,152; P Ͻ 0.05). Figure 1 compares the percentage of wrong answers between the two cohorts. Nonexposed students committed more errors (in percentage) in every questions than did exposed students, and, in question 4, the percentage of wrong answers between the two cohorts appears to be significantly different (Fig. 1) . Furthermore, 5.6% of nonexposed students did not pass the exam vs. 1.6% of exposed students.
DISCUSSION
After an initial positive experience (14) , we decided to plan this research, which is the first to evaluate chest ultrasound, into traditional physiology teaching of the respiratory system, and several features distinguished it.
Thanks to the versatility of new portable devices (like ours), the use of ultrasound in an educational context is nowadays feasible and simple. For example, in our experience, the professor could switch rapidly from the projection of slides to echographic images and vice versa, but it could be employed in various didactic contexts: now during traditional frontal lessons in the classroom or practical laboratories, but in the future also during oral or written exams.
The administered questionnaire, which has a good internal consistency, showed high rates of satisfaction. We asked the students not only to express an opinion about the lecture itself, but also to compare this experience with a classical lecture. Since the aim of every physiology professor is to motivate students to study the subject, ultrasound could clearly be an added value to the lecture that stimulates attention, curiosity, and interest. In fact, nearly all participants thought that the UIL was more interesting than a normal lecture, and Ͼ98% did not find it boring and did not think it was a waste of time. About 91% of students said they gained more motivation to study physiology by attending this UIL compared with a normal lecture, and all of them would recommend it to a colleague.
About 87% of the students declared they had a better understanding of anatomy, and~90% of physiology, after the UIL compared with a normal lecture. The basics of ultrasound technique explained in the first part of the UIL proved to be sufficient, allowing the students to understand the description the images projected, and improving their comprehension and confidence with anatomy and physiology, because they correlated what they had studied before with what they saw on the screen. We did not investigate whether students correctly interpreted ultrasound images, because this was not among the aims of this study, and we know that ultrasound interpretation Items were rated using a 5-point Likert scale (1 ϭ totally disagree; 2 ϭ disagree; 3 ϭ uncertain; 4 ϭ agree; 5 ϭ totally agree). Values are minimum and maximum scores, mean and SD, and percentage of students who "disagree" and "totally disagree." Open questions and answers are shown. The percentage of students who answered with the related key words is shown. is an important task of the fourth year's radiology course in the present Italian medical school system. About 57% of the students said that the images were not difficult to interpret (Table 2) , whereas others affirmed they were uncertain (22%) or encountered some difficulties (21%). This variability probably derives from students' lack of experience in the ultrasound field at the third year of medical school, but that is why images were explained by the sonographer or the professor. Nevertheless, several researchers suggest that the use of ultrasound in subsequent times could help students become acquainted and confident with this technique (2, 10, 12) . This is another interesting point that could be assessed after the integration of an ultrasound curriculum into medical school programs.
Only a few previous papers have shown a possible association between ultrasound-based seminars and performance at exams, even with several limitations. Lim et al. (13) suggested that limited exposition of medical students to the ultrasound technique could improve their performances, and also Bell et al. (3) reported similar results in cardiac physiology teaching. In our experience, all of the questions reviewed by the expert board were pertinent to the syllabus and to the UIL, and 90% of students said that they found the UIL pertinent to the syllabus. Therefore, both the exposed and nonexposed students should have known the correct answers, as a part of a normal physiology examination.
Nonexposed students committed more errors in each question, and only in question 4 did the exposed students score significantly better than the nonexposed students. Therefore, it is not possible to distinguish a clear association between the exposure to UIL and short-term retention.
Among methodological limitations, we report the small sample size, the small number of questions administered, and the fact that the lecture was performed in just one medical school, so results are not representative. We did not compare the knowledge level administering the same questions before and after the UIL to avoid learning bias. Nevertheless, the evaluation of ultrasound as a teaching tool in other systems and long-term concept retention could be interesting.
Conclusions. The results we obtained suggest that ultrasound could be a useful didactic tool in the field of respiratory physiology: students appreciated it very much, and further studies are certainly needed to assess short-and long-term concept retention. This is another example of the new intellectual movement that we called UBMEd, Ultrasound-Based Medical Education, created in 2013 to promote a better integration of ultrasound into preclinical and clinical subjects so that students can become familiar, as soon as possible, with this new technique. In fact, we believe that seeing in vivo and in real time what is explained by the professor with the help of ultrasound could have a positive impact on students' university and professional career. 
